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0.859, 0.453, 0.333, 0.563； 
(3) 针对 Klaassen 模型在计算补偿硅中载流子迁移率时与实验测量结果的偏差，分析研
究了偏差的来源，并进行了模型修正，以适用于补偿硅中载流子迁移率的预测； 
(4) 从电阻率、少子寿命及少子扩散长度三个方面，给出了 p 型补偿硅与非补偿硅在同
等性能的条件下的参数对应关系。此项理论研究成果，与实验验证结果一致； 
(5) 基于电阻率判定的最佳利用率，给出了 n 型补偿单晶生长的建议：起始电阻率为 
5.5 Ω ∙ cm，补偿硼的浓度为 0.8 × 1016 𝑐𝑚;3。实验表明变化生长速率的生长方法，
对于提高补偿 n 型单晶的电阻率均匀度更有效。研究发现 N 型补偿单晶的少子寿命
较低与浅能级杂质复合与晶体生长初期的高含量的氧有关； 




(7) 采用 AFORS-HET 软件模拟了 n 型补偿硅基的 HIT 太阳能电池。模拟的补偿硅基 HIT


















Compensated silicon is reported as a cost-effective material for solar cells. In this work, the n- and 
p-type compensated silicon are investigated when using in directional solidification, ingot casting, 
crystal growth, characterization of wafers and fabrication of solar cells. After exhaustively 
investigation, the researching findings are outlined below: 
(1) For promoting the industrialization of compensated silicon, we made an ingot casting furnace and 
an equipment for purification by directional solidification. I served as a principal  in charge in this 
group. 
(2) The effective segregation coefficients of the most common four impurities: Phosphorus, Boron, 
Germanium and Carbon are determined based on lots of silicon ingots. 
(3) Deviations are found between Klaassen‘s model and measured carrier mobilities. We found the 
origin of the deviation, and corrected it. 
(4) The relations between uncompensated and compensated wafers with identical performances are 
found. In addition, this relation is supported by our solar cell experiment. 
(5) Judging by the resistivity, the optimized starting resistivity for n-type compensated Cz silicon is 
5.5 Ω ∙ cm; the optimized concentration of boron is 0.8 × 1016 𝑐𝑚;3. A two-step method is used 
to improve the uniformity of resistivity for the n-type compensated Cz silicon. The lower carrier 
lifetime in compensated silicon is owing to the very high concentration of dopants and oxygen. 
(6) The fabricating technology of aluminum-alloyed back junction n-type silicon solar cells were 
investigated. A lowest temperature-coefficient had been observed for aluminum-alloyed back 
junction solar cells using compensated silicon. 
(7) The software of ―AFORS-HET‖ was used to simulate the HIT solar cells with compensated silicon 
as base layer. We achieved the best efficiency of 20.2% with n-type compensated silicon wafers. 
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场需求仅为 2.7GW，经过跨越式发展，2015 年市场需求达到 50.9 GW；而且继
续保持了强劲的增长势头，2016 年市场需求到 78 GW，预计 2017 年将达到 85.4 
GW
[1]。中国在光伏技术的生产与应用上，后发先至的在规模上占据上世界首位。
以 2015 年的光伏组件生产量为例，全世界约 67%的光伏组件由中国大陆与台湾
地区生产，欧洲的生产份额占 5%，美国仅贡献了 3%。截至 2015 年底，累计光
伏组件的安装量，欧洲占比 40% (截至 2014 年占比 48%)，相对应的中国累计安































图 1.1 不同太阳能电池效率发展时间表，时间自 1967 年至 2017 年 4 月 14 日。 


















由于硅矿资源丰富，硅太阳能电池逐渐成为发展的主流。如图 1.2 所示，以 2015
年为例，基于硅太阳能电池的光伏产能超过了所有光伏产能的 90%，并且随着光
伏发电技术的逐渐商业化发展，成本更低的硅太阳能电池一直保持着发展的首要
地位。采用多晶硅铸锭长晶相比 Czochralski (Cz) 法单晶拉制，成本更低廉，对
多晶硅原料的纯度要求更低，相应的多晶硅太阳能电池的单位成本更低。因此，
如图 1.2 所示，多晶硅太阳能电池所占有的市场份额比单晶硅太阳能电池更大。 
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